We show that CDS premiums of sovereigns are significantly affected by the foreign exposures of their domestic banks. Our analysis uses a simple risk-weighted exposure measure which aggregates detailed data on the composition and risk of banks' foreign exposures. A 1 basis point change in our risk weighted exposure measure corresponds to an average change of approximately 0.4 bp in sovereign CDS spreads. Extensive robustness checks confirm that the explanatory power of our measure is not due to common factors in CDS premiums. We also measure the size and riskiness of the sovereign's implicit and explicit guarantees extended to its domestic banking system.
Introduction
The European debt crisis has again demonstrated the importance of bank risk for the understanding of sovereign risk. But to what extent is the effect of the risk of the local banking system measurable in the dynamics of sovereign CDS spreads? In this paper, we use BIS consolidated banking statistics to construct a simple risk-weighted measure of foreign exposures of a banking system and apply it to data from 17 countries. Our measure shows how the size and riskiness of foreign asset holdings of the largest banks are an important determinant, not only of their own CDS premiums but also of the CDS premiums of the sovereign in which the banks reside. Extensive robustness checks confirm that the significance of our measure cannot be attributed to common variation in CDS spreads. We find that our exposure measure is significant in explaining sovereign CDS premiums even after including global CDS indices as explanatory variables.
Our measure is useful not only because it is simple to compute, but also in that it provides an exogenous source of variation of bank credit risk, which is not affected by the risk of the sovereign in which the bank resides. In other words, while our measure is clearly capturing an important source of credit risk of the bank, it has the advantage that the resulting effect on the sovereign does not give rise to a direct feedback loop from the sovereign back to the bank. This is because we focus on the foreign exposures. The effect of foreign exposures of domestic banks is economically significant in that a one standard deviation change in our risk exposure measure changes sovereign CDS spreads on average by 24 bp, which amounts to a quarter of the average standard deviation for sovereign CDS in our sample. Longstaff et al. (2011) argue that the influence of the US equity and high yield markets on sovereign CDS premiums dominates that of the local stock market. Our results suggest that the risk from the local banking system should be included as a significant local factor. This local risk factor remains significant when we include a global sovereign CDS index, whereas the effect from the US market then disappears.
The risk of the banks as measured by our exposure measure is likely to affect sovereign CDS spreads through implicit or explicit guarantees of the banking system. To explore this, we combine information on the size of the banking system relative to GDP with the riskiness measured both through CDS premiums and bank EDFs. These measures of the size and risk of the guarantees greatly influence sovereign CDS premia, even after controlling for traditional local fiscal measures and global factors.
While our measure is shown to be important for sovereign CDS spreads, we focus also more directly on its impact on bank CDS spreads because of the clear policy implications. In its 2011/2012 so-called capital exercises, the European Banking Authority put a heavy emphasis on bank holdings of sovereign debt with a particular focus on exposures to the so-called GIIPS countries. These exercises were conducted in order to assess the need for additional bank capital buffers. It is worth noting, however, that foreign private exposures are actually a much larger source of foreign exposures of banks. For a large sample of European countries, the private exposures to GIIPS countries in late 2010 were between 4 and 10 times higher than the exposures to GIIPS sovereign debt.
1 Hence, an increased focus on the foreign private exposures in stress tests is clearly warranted.
Related literature
There is an extensive literature on the determinants of sovereign CDS spreads and we refer to Augustin (forthcoming) for a review of the rapidly growing literature. Our empirical specification includes local and global factors found in Longstaff et al. (2011) . There, the authors show large commonality with the first principal component explaining 75% of variations in sovereign CDS spreads in the period [2007] [2008] [2009] [2010] . Most of the commonality in their study is driven by global factors, risk premiums and investment flows rather than local factors. In our sample, the assets of the banking system are on average three times the size of the country's GDP. It is therefore not surprising that in spite of solid macroeconomic fundamentals, the risk of the banking system significantly impacts sovereign CDS premia. Reinhart and Rogoff (2009) provide a thorough account of the role of bank risk in explaining sovereign crises in their comprehensive treatment of financial crises through eight centuries. Reinhart and Rogoff (2011) document the link between the banking crisis and sovereign default in different countries in a historical perspective.
There is also an extensive literature on how sovereign risk may affect the risk of banks. Gennaioli et al. (2014) provide theoretical underpinnings and evidence for the transmission of a sovereign debt crisis to the banking system and the real economy, through the banks' holdings of sovereign debt.
The fact that risk may flow in both directions between sovereigns and domestic banks gives rise to possible feedback loops and this issue is treated thoroughly in and in Bolton and Jeanne (2011) . also carry out an empirical study and our study supplements this in several important aspects. We show that the private exposures of banks -both foreign and domestic -are fundamental to understanding sovereign risk, and not just the bank holdings of foreign and domestic sovereign bonds. 2 The bulk of banks' foreign exposures is to the private sector and not to sovereigns. This is important, in light of the fact alluded to above that for European countries in our sample, the private exposures to GIIPS countries are much higher in late 2010 than their exposures to sovereign debt. Our focus on the total exposure is also in contrast with Acharya and Steffen (2015) , whose main focus is on holdings of sovereign debt. We also supplement the empirical evidence by measuring the riskiness of the exposure both through CDS premiums and EDFs. The large total foreign exposures of banks provide a part of the explanation for the finding of Ang and Longstaff (2013) that sovereign risk seems to flow through the financial markets rather than being directly rooted in macroeconomic fundamentals.
There are other studies focusing on how foreign bank exposures may cause risk to spread across banking systems. Tressel (2010) models the deleveraging of banks in countries whose banks have been exposed to losses in another country. In his calibration, Tressel (2010) also uses the consolidated banking statistics from BIS but he does not focus on the detailed time series of these statistics. Degryse et al. (2010) also use BIS consolidated banking statistics as a basis for simulating how shocks to one country's banking system may propagate through the international linkages and cause contagious defaults. Their focus is not on CDS spreads and their data end in 2006, whereas we cover the current financial crisis all through the end of 2010.
Whether contagion through networks of exposures survives as explanatory variables, once global common factors have been accounted for, is not widely agreed upon. For example, Eichengreen et al. (2012) use dynamic principal component analysis to identify common latent factors underlying the dynamics of CDS premiums for 45 banks in the USA and 8 European countries. In their analysis of all possible combinations of pairwise influences, they find a very limited role of direct contagion. Our riskweighted aggregate measure of foreign bank exposure survives even after correcting for observable common factors, but it is not a contagion measure in that the measured exposures are not primarily to other banks. Rose and Spiegel (2010) find "remarkably little evidence that the intensity of the crisis across countries can be easily modeled using quantitative techniques and standard data that is either country specific or links countries to the source of the crisis." We argue that BIS statistics and CDS spreads do indeed contribute to our understanding of cross-border risks. A spillover mechanism is described in Kaminsky et al. (2003) who argue that a crisis of one country may spill into other countries in the presence of a "large common creditor" who in the face of losses in one country has to delever positions in other countries. This common creditor might be collections of other banks, financial institutions, or hedge funds.
Our empirical analysis supports the idea that the contingent liability (or implicit guarantee) that the sovereign may be assumed to give for the domestic banking system is a likely transmission mechanism -an issue discussed, for example, in Gray et al. (2007) and analyzed empirically in Ejsing and Lemke (2011) . They find an increased sensitivity of sovereign debt to a global credit risk factor (proxied by an iTraxx index of non-financials) after the extension of bank guarantees in several European countries in the fall of 2008. Similar findings are presented in Alter and Schüler (2012) . Dieckmann and Plank (2012) also demonstrate the effect on sovereign credit risk of the state of the domestic financial sector at the time of the onset of the crisis.
The data
The paper explains how sovereign default risk changes when the risk of the assets of the biggest banks in the country changes. We measure the default risk of the sovereign and of the banks through the CDS premia. Besides data on CDS premia, we need data on the riskiness of bank investments in the domestic and foreign markets, as well as controls regarding the local and global macroeconomic environment. Table A .3 contains an overview of the definition and data source behind all variables used in our regressions.
Our panel consists of 17 developed economies: Austria, Australia, Belgium, Switzerland, Germany, Denmark, Spain, France, United Kingdom, Greece, Ireland, Italy, Japan, the Netherlands, Portugal, Sweden, and the United States. 3 We have obtained data for the period Q1:2004-Q4:2010 covering the most significant period of banking stress and ending before the onset of the ECB long-term refinancing operations in 2011 at which point collateralized borrowing in the central bank (see below) no longer can be used as an instrument for bank credit risk.
CDS data
We use 5-year sovereign CDS spreads, where the contracts are denominated in US dollar or Euro. Since not all the banks have traded CDS, we focus on explaining movements of CDS spreads of the largest banks. Table A .1 lists the largest banks. The bank CDS data are 5-year contracts, with senior unsecured debt as a reference obligation and denominated in the local currency.
We are also using bank and sovereign CDS data to construct a measure for the riskiness of exposures. The construction of the measure is explained in detail in Section 4. We obtain the CDS data from CMA which sources their information on executable and indicative prices directly from the largest and most active credit investors in the OTC market. We use end-of-quarter observations. Holes in the data, most notably in the early period, are filled using the Fitch CDS pricing source.
Local bank variables
When we explain the riskiness of bank investments, we need a proxy for domestic default risk. The proxy is the median of the expected default frequencies (EDF) from the local stock market data. The EDF provides an estimate of the default probability of a borrower. The estimate is obtained by using a structural model to back out firm asset value and asset volatility from observed equity prices and accounting information on leverage. From the estimated asset value and asset volatility, 'distance-to-default' (DD) is computed, and finally a non-parametric regression on historical data is used to find the empirical connection between DD and EDF, as explained in Crosbie and Bohn (2003) .
Our extensive data set of EDFs covers all countries used in our exposure matrix calculations. For each country, we consider the median of the EDFs as the relevant risk measure. For our robustness checks, we have sorted the EDFs into the following categories: banks, other financials, real estate, and corporate, according to their SIC codes.
Local government variables
We have collected quarterly balance sheet data for the individual countries from IMF International Financial Statistics (IFS), OECD and Eurostat. The macro variables related to the sovereign risk we use are general government gross debt, long term external debt, the current account, net interest payments relative to revenue and changes in the estimated budget deficit. The latter variable is calculated as the sum of the most recent year-end and year-ahead budget projection by the OECD or the IMF minus the second most recent forecast for the same period provided by the same organization. In quarters where they do not update a new budget projection, we interpolate a forecast.
We also take into account that the risk of a bank may be affected by the risk of the domestic sovereign through bank holdings of domestic sovereign debt. Since sovereign CDS spreads and bank CDS spreads are simultaneously determined, we follow Kallestrup (2011) and construct a measure which captures the part of sovereign risk, which is not related to the banking sector. We regress sovereign CDS premiums on a number of explanatory variables of sovereign credit risk. The explanatory variables include traditional fiscal variables such as gross or net general government debt (in domestic and foreign currency), short-term and long-term external debt and the government primary balance (i.e. total revenue less expenditure excluding gross interest payments) scaled against the domestic GDP. As macro-financial variables we include real GDP, the unemployment rate, the current account level and the net international investment position as percentage of GDP. Three variables significant in the regression of sovereign CDS premiums on the explanatory variables are government debt, long-term external debt, and the current account balance. The fitted value of the sovereign CDS spread from this regression, S_RISK, captures changes in sovereign credit risk arising from changes in fiscal fundamentals.
Global variables
We include a number of global variables that have been used in other works to explain movements in sovereign credit spreads, see for example Longstaff et al. (2011) . The variables we use are the following:
• Excess return for the US stock market -computed as the difference between the value-weighted return on all NYSE, AMEX, and NASDAQ stocks (from CRSP) and the three-month treasury bill.
• Percentage changes in the 5 year constant maturity treasury yields.
• Percentage changes in the corporate yield spreads. The investment-grade yield spreads are computed on the basis-point yield spread between BBB and AAA industrial bond indices. The percentage changes in high-yield spreads are computed for the basis-point yield spread between BB and BBB industrial bond indexes. The used indices represent average yields of a broad cross-section of noncallable AAA-, BBB-, and BB-rated bonds with maturities approximately equal to 5 years.
• The volatility risk premium. This is computed as the difference between the VIX index and the realized volatility for the S&P 500 index over the preceding 3 months. 
The risk-weighted exposure matrix
The key data describing the financial sector linkages are summarized in what we label as the BIS exposure matrix. We now describe how this is used together with CDS premiums to construct our risk measure for the major banks in each country. 4 The consolidated banking statistics from BIS provide consolidated foreign claims of a national banking system in one country on all residents (i.e. public sector, banks and the non-bank private sector) of other countries. For example, the size of exposures of Austrian banks to residents of Hungary represents the aggregate claims of all Austrian-owned bank branches and subsidiaries around the world on all residents of Hungary, i.e. public sector, banks and the non-bank private sector. We have an aggregate exposure rather than the precise exposures of the Austrian banking system to each of these three categories. Other BIS statistics tell us that in Q4:2010, the total claims held by BIS reporting banks outside of Hungary were split among 10% claims on Hungarian banks, 30% claims on the Hungarian public sector and 60% claims on the non-bank private sector in Hungary. There is a very significant portion of non-bank private debt. The pattern is confirmed by the figures on all the countries in the world. In Q4:2010, the foreign claims of BIS reporting banks were split between approximately 23% claims on banks, 19% on the claims public sector and 58% claims on the non-bank private sector.
To construct our measure of riskiness of foreign exposures, we will use data for the size of the exposures and for the risk of the exposures. The data on the size of the exposures comes from BIS consolidated banking statistics. The riskiness of the exposures is 4 We use BIS consolidated statistics with residency of the ultimate obligor when available. There are some holes in the data, most notable prior to 2005, which are filled with foreign exposures on an immediate risk basis. The ultimate obligor refers to the counterparty who is ultimately responsible for servicing any outstanding obligations in the event of a default by the immediate borrower. Suppose that an Austrian bank extends a loan to a company based in Hungary and the loan is guaranteed by a US bank. On an immediate borrower basis, the loan would be considered a claim of an Austrian bank on Hungary, as the immediate borrower resides in Hungary. On an ultimate risk basis, however, the loan would be regarded as a claim of an Austrian bank on the United States, since that is where the ultimate risk resides. We do not include foreign exposures via derivative markets, and guarantee extended and credit commitments as the data are not available for individual countries before December 2010. It is only for US banks that these other potential exposures account for a very large part of total foreign exposures. Our econometric results are robust to making pro-rate adjustments for these other potential exposures in foreign claims. measured by CDS premiums either on large banks or sovereigns. Exposures of each of the countries in our sample may well be to countries outside the sample. We need to have CDS data available for the banks or sovereigns for those other countries. Thus, countries that do not report to the BIS, like Korea and Iceland, are not in our sample of the 17 countries, but we are able to measure the riskiness of exposures to those two countries, since there are CDS data available for their largest banks.
We include foreign exposures of a country's banks until we have reached 85% of the total foreign exposure, as this eliminates the need to deal with countries for which a time series of CDS premiums is not available for the sovereign or the largest banks. To clarify exactly how our measure is constructed, consider the case of Austria. First, we list the countries to which the banks in Austria are exposed and order the countries by the size of the average exposure over the sample period. We then select enough countries so that the exposure in Q4:2010 is at least 85% of the total exposure. This creates a list of countries to which the banks in Austria have the most significant exposures in that quarter, and we use this list throughout the sample period. Table 1 shows the 19 countries which account for at least 85% of the total foreign exposure. The remaining exposures are collected under 'others'. The table lists each aggregate foreign exposure, as it was reported in Q4:2010. For example, the exposure to Germany was USD 42.9 bn on average throughout the entire period and it was USD 48.2 bn in Q4:2010. The list is ordered according to the largest average exposure over the sample period. At the end of Q4 2010, the total foreign exposure of the Austrian banking system was USD 468.7 bn and the exposure to Germany accounted for roughly 10% of this.
We measure the riskiness of the foreign exposures by weighing each exposure with an appropriate CDS spread. If available, we use average bank CDS spreads for the two largest banks in the country of the exposure. The idea is that the riskiness of the private sector exposures in a given country is reflected in the CDS spreads of the largest banks in that country. At the end of Q4, the average CDS premium for the two largest banks in Germany was 126 bps. Since the exposure to Germany is 10%, this means a risk-weighted value of 12.6 bp. When bank CDS spreads are not available for the risk weighting of exposures, as is typically the case for emerging markets, we use the sovereign CDS spreads instead. In emerging markets, a large part of the riskiness of an exposure is related to political and currency risk, risks that are also reflected in the sovereign CDS spreads. Empirical results in Dittmar and Yuan (2008) confirm the strong correlation between corporate credit spreads and sovereign credit spreads in emerging markets. The risk-weighted sum of CDS spreads for all countries to which Austria is exposed is 163 basis points. The weights of the countries in the exposure matrix only sum to 0.86. Hence the weighted average CDS spread of the exposures that enter the sample is 1/0.86 × 163 bps = 190 bps. Note that this measure is a risk-weighted average of Austrian banks' exposure to other countries in Q4:2010.
The measure changes through time as the weights of the exposures shift between countries and as the CDS spreads for the countries change. The risk-weighted foreign exposure is only expected to matter if the size of the exposure is large enough relative to other exposures. As shown in Table 2 the total exposure of the Austrian banking system is USD 1010 bn, i.e. the foreign exposures account for almost half of the total exposure. Table A .2 shows summary statistics on foreign exposures for each of the 17 countries. The table shows the relative size and the (foreign) country of the largest exposure. It also shows the standard deviation of the time-series variation in the relative size of the largest exposure. This standard deviation ranges from 0.02 to 0.1. While this does show some time-series variation in Table 1 The foreign exposure matrix: Austria. The table shows the exposures to the countries toward which the Austrian banking system has its 19 largest exposures until 85% of the exposures are accounted for. There is no liquid historical CDS spread on Serbia (RS) and we thus use the one on Croatia (HR). exposures, a much larger source of variation in our exposure measures comes from the huge fluctuations in CDS premia. In addition, there is great geographical variation in the countries to which different banks are exposed.
The 5-year CDS spread for Austria depicted in Fig. 1 shows a clear covariation with the exposure measure. Our hypothesis is that this covariation does not merely reflect common variation in all CDS spreads, but is rooted in economic fundamentals.
Bank foreign exposures and bank CDS dynamics
Our first task is to investigate whether movement in our risk-weighted exposure measure is capable of explaining movements in bank CDS spreads. Specifically, we analyze whether changes in the average of the CDS spreads of the two largest banks in a country can be explained by a change in the relative size and the riskiness of foreign exposures as captured by our risk measure.
We start by running the following panel regression:
Here, Δ(B_CDS) k,t denotes the change from quarter t -1 to t in average bank CDS spreads for country k. We follow this notation throughout, so that Δ(B_BIS_CDS) k,t denotes the change in the exposure weighted credit spread for country k from quarter t − 1 to t. The measure is constructed exactly as explained for the case of Austria in Section 4. Local bank variables are EDF measures for different sectors. They control for the risk of domestic borrowers. To motivate our focus on EDFs, it is useful to consider the case of Spain. Spain's BIS matrix exposure does not seem to explain all the movement of Spain's average bank CDS spread throughout the entire period. As seen in Fig. 2 , there is an increase in CDS premiums for the largest Spanish banks in 2010 that is not explained entirely by the risk of their foreign exposures. To measure the banks' risk from their exposure to domestic loans, we will use expected default frequency (EDF) measures as proxies for this risk. Fig. 3 shows the dynamics of median firm EDFs in three sectors for Spain and Austria: banking, non-financial corporates and for the real estate sector. While the EDFs for both the corporate sector and the real estate sectors increase for Austria, they are at a higher level over the last 2 years of the sample in Spain, which sees a very large spike in the real estate EDFs and also a higher level of corporate EDFs than Austria. The spike in bank EDFs in Spain is very large and in combination, Figs. 1-3 suggest that the spike in CDS spreads of Spanish banks was much more driven by domestic factors and Austria's spike was much more driven by foreign exposures. In Austria, there is a high co-movement between the CDS spread for banks and the Austrian banks' foreign exposureweighted CDS spreads. It indicates that Austrian banks were hit by a shock originating abroad, especially in Eastern Europe. On the contrary, in Spain we see a low co-movement, indicating that the credit risk primarily originated in the domestic economy.
Global variables are a vector of variables listed in Section 3.4. Finally, since our exposure measure uses information from CDS markets, we need to control for general movements in CDS spreads. We do it by including three general European CDS indices: The iTraxx Sovereign Western Europe, iTraxx Senior Financials and iTraxx Non-Financials. They are used in the regression directly, and in a two-step procedure. In the two-step procedure, we regress our exposure measure on the three indices and then we use the residual as explanatory variable. The idea is to extract the part of our exposure measure, which is not captured by common CDS movements. The regression uses ordinary least squares (OLS) with robust standard errors and fixed effects. The result is reported in Table B .1. Column I of this table presents the result of the regression without the CDS indices to emphasize the important role of controlling for common movements in the CDS markets.
The exposure-weighted credit spread is highly significant both when we control with the indices directly (column II) and when we use the residuals (column III). In the regression which includes the indices as controls directly, a 100 basis point increase in the exposure-weighted credit spread corresponds to a 52 basis point increase in the average bank CDS spreads. Interestingly, we cannot show that this effect is significantly weaker in the period leading up to the crisis, even if the regression coefficient (column IV) is estimated to be smaller in the first part of the sample. The real estate EDF measure, R2_EDF, which measures median default probabilities in the real estate sector (broadly defined), is also highly significant in all regressions, which is consistent with the important role played by real estate in bank losses during the financial crisis. In contrast, except for S_RISK and the iTraxx index for senior financials, none of the other local or global variables are significant even at the 5% level in the full sample. Surprisingly, the more general corporate EDF measure for the entire corporate sector, C2_EDF is not significant. This could be due to strong correlation with real estate EDFs. When we regress bank CDS premiums on the EDF measure for the entire corporate sector, it is highly significant.
One could argue that there are "second order effects" of foreign exposures in the following sense: German banks, for example, have foreign exposures to Spain whose banks in turn have foreign exposures in Mexico. Should this count as a German exposure to Mexico? Our numbers show that this effect is extremely small and can be ignored. For example, German banks have 44% of their assets as foreign exposures. 6% of those exposures are to Spanish sovereign debt, Spanish banks and private borrowers. Spanish banks have 28% of their assets in foreign assets, and of those 10% are to Mexico. In the extreme case that all German banks' foreign exposures were to Spanish banks, the total exposure to Mexico would be 0.07% of German bank assets. The actual number is of course significantly smaller, since a large part of German bank exposures to Spain is to the Spanish government and private borrowers with no exposure to Mexico. In a similar vein, one could worry about feedback loops. A strong candidate for such worries would be the case of the UK and the USA. UK banks have 27% of their foreign exposures to the USA. Foreign exposures of US banks account for 10% of their assets, and of those foreign exposures, 19% are to the UK. Thus, in the extreme case, where all UK foreign exposures to the USA were exposures to banks, and all foreign exposures of US banks to the UK were to UK banks, the 'feedback' exposure of UK banks to themselves would only account for 0.5% of foreign exposures, or 0.25% of total assets. The true number is likely to be much smaller, because a large part of UK banks' exposures to the USA are to non-bank entities (private borrowers and US government securities). The same argument argument applies to US exposures, and this justifies looking only at the direct exposures in our BIS matrix.
Robustness checks
We perform several robustness checks to firmly establish that the cross-border exposures of banks are significant in explaining the dynamics of bank CDS spreads.
First, we replace all global factors by a time fixed effect and run a regression on the country specific explanatory variables that include EDF measures and measures of domestic sovereign risk. The time fixed effects are included as we may still have left out an important factor which jointly determines the level of CDS spreads across banks. The results are reported in Table B .2. Our measure of financial exposures is still significant over the full sample and in the subsample that begins with the onset of the financial crisis. Similarly, the country-specific EDFs and the sovereign risk measure are both significant throughout the sample as well as in the second period, although the real estate EDF is weakly significant in the period before the crisis as well.
Second, it is possible that the results are driven by a few countries in our panel which have a large fraction of their assets in foreign exposures. We divide the sample in two parts according to the average size of foreign exposures (relative to total assets) over the sample period. In the sample of countries whose banks have high foreign exposures compared to assets, the lowest average exposure is that of Great Britain with 42% and the highest is that of Switzerland with 71%. In the sample with low foreign exposures compared to assets, the highest is that of Spain with an average of 28% and the lowest is that of the USA with 11%. As seen in Table B .3, we find that in both subsamples our dynamic exposure measure is significant in explaining the dynamics of bank CDS spreads. We also leave out the USA from the sample because of the potential special status of the US economy in affecting global CDS spreads. Excluding the USA does not change our results, as seen in the last column of Table B .3.
Third, even when we divide in subsamples of countries with high and low foreign exposure, the range covered in each group is quite high. More generally, the distribution of bank assets on domestic sovereign, domestic private and foreign exposures varies considerably across countries. We therefore define and use B1 × Δ(B_BIS_CDS) k,t , B2 × Δ(EDF_ALL) k,t , and B3 × Δ(S_RISK) k,t as regressors. We report the results in Table B .4. Note that the coefficient on B1 × Δ(B_BIS_CDS) k,t is now 1.22, but since B1 is on average 0.379, the effect of changes in the exposure matrix is the same as before. The advantage of the weighting scheme is that it allows us to differentiate the impact of changes in the exposure measure between countries with different exposures. For example, a 1 basis point increase in our foreign exposure measure translates into a 0.88 bp increase for Switzerland, and a 0.13 bp increase for the USA. Also, we note that the effect of foreign exposures clearly dominates the effect of both types of domestic exposures. Specifically, a 1 standard deviation change in B_BIS_CDS on average translates into a 29 bp change in bank CDS premia, a 1 standard deviation change in S_RISK on average translates into a 9 bp change in bank CDS premia, and a 1 standard deviation change in EDF_ALL on average translates into an 8 bp change in bank CDS premia. Consistent with the new emphasis on bank holdings of sovereign risk in the recent crisis, domestic sovereign risk is only significant in the second part of our sample. Fourth, in Table B .5 we test the relevance of the information in the BIS exposure matrix by running a regression in which we leave out the five largest foreign exposures when we calculate the exposure measure for each country's banking system. This new exposure measure is not able to explain variations in bank CDS spreads once we control with the CDS indices. This jointly illustrates the importance of controlling for general movements in CDS markets and the significance of our exposure measure. When we remove the five biggest exposures, the exposure measure is significant before controlling for the CDS indices, but it loses significance with the introduction of the indices. It is in contrast with our full exposure measure which remains significant even after including the indices. Thus, our exposure measure contains information that is reflected in CDS premiums and which is not due to movements in indices or other global variables. Note that it is not the case that the GIIPS countries are consistently among the top five exposures. In fact, only five countries (France, Germany, UK, Portugal and Spain) in our sample have their most important exposures to GIIPS countries. Also note that when running this placebo test, we rescale the exposure measures so that the coefficients on our measure and the placebo measure become comparable. The problem is that when we leave out the five biggest exposures, the exposure measure becomes smaller simply because we have removed a weighted sum of five CDS spreads. Thus, if our exposure measure is based on 85% of bank exposures and the adjusted measure only takes into account 30% of the exposures, we rescale the first measure by dividing by 0.85 and the second measure by 0.3.
Last, in Table B .6 we perform a few additional robustness tests. We show that using equal weights on the exposures instead of weighing by exposure size also gives a significant exposure measure. Thus the most important part of our exposure measure is selecting the countries to which a banking system is exposed. We choose to work with the actual weights as this is less ad hoc than using equal weights. In unreported tests, we checked that a concentration measure (such as a Herfindahl index) does not help us explain the variations in bank CDS spreads. This confirms that the detailed composition of the weights is less important than accounting for the largest exposures. We also run a regression in which we use sovereign CDS premiums to measure the riskiness of exposures in all countries -and not just those for which we have limited or no information on bank CDS spreads. The results are reported in columns IV-VI in Table B .6. Again the significance of the exposure measure is not affected.
Sovereign CDS spreads and contingent liabilities
So far we have considered the asset side of the banks' balance sheets focusing on measures of asset quality that include financial linkages, and we have shown that they can help explain bank risk as measured by CDS premia. Implicit and explicit government guarantees imply that bank risk plays a huge role on the liability side of sovereign's balance sheet. In this section, we show that bank risk is a significant factor in the determination of sovereign credit spreads. The regression now has the following form:
where global variables and domestic government variables are defined above. The fiscal variables are traditionally viewed as determinants of sovereign default risk. The term "guarantees" refers to variables seeking to measure the size and riskiness of implicit and explicit guarantees made to the domestic banking system. The explicit guarantee (labeled guarantees in Table B .7) is a variable which is only active (i.e. non-zero) in quarters where a country has issued an explicit guarantee on parts of banks' liabilities, i.e. the dummy is active in the quarter in which the guarantee is issued and zero otherwise. 5 When this is the case, the variable takes on a value equal to the size of the guarantee relative to GDP, as reported by IMF (2009). For all countries, this guarantee is made in Q4:2008. 6 We have two additional variables seeking to measure the size of the sovereign's 'contingent liability' on the banking sector. The first variable is the size of the domestic banking system (measured as claims on domestic entities and nonnationals) relative to GDP multiplied by the average CDS premium of the two largest banks. This measure combines the size of the potential liability and its riskiness into one measure. The second variable uses median bank EDF instead of bank CDS to measure riskiness.
Columns I and II of Table B .7 report the result of the regression when we use the CDS-based measure for the size of the implicit guarantee. Column I does not include the Q4:2008 explicit guarantees, whereas column II does. Both implicit and explicit guarantees are highly significant. In columns III and IV the riskiness of implicit guarantees is measured using EDFs. Again, both implicit and explicit guarantees are highly significant. In all four regressions, the excess return on the US equity market, and changes in yield spreads on investment grade and high yield bonds are not significant which is in contrast to the findings in Longstaff et al. (2011) . This may be because we include CDS indices as our explanatory variables.
Column V addresses the possibility of endogeneity of bank CDS premia, i.e. that sovereign and bank CDS are determined jointly. To demonstrate that bank CDS premiums do indeed influence sovereign CDS premia, we choose as an instrument for bank credit risk the amount of short-term central bank funding of banks -typically done through collateralized lending. The idea is that increases in central bank funding are a sign of increased bank credit risk, but unrelated to sovereign risk through any other channel. It is conceivable that the increase in central bank funding was part of a plan to support bank purchases of sovereign debt and hence the increase in bank funding was spurred by sovereign risk. We follow Kallestrup (2011) and include a Granger causality test to check the direction of causality. We find evidence that changes in central bank funding Granger cause bank and sovereign CDS spreads (with t-statistics of 2.43 and 1.693 respectively), but we find no evidence that sovereign or bank CDS spreads Granger cause central bank funding (t-statistics of 0.09 and 1.3 respectively). This supports our use of central bank funding as an instrument for bank credit risk. It should be noted that the 3-year LTRO programs introduced by the ECB at the end of 2011 and in 2012, which for example lead to Italian and Spanish banks increasing their exposure to the domestic sovereign are not in our sample period. See Acharya and Steffen (2015) for more on this. 5 There have been many types of financial support schemes, such as capital injections, purchases of assets, central bank support and liquidity provisions. These are not included here. 6 The guarantee on the Irish banking system was given in September 29 and in force in September 30. The price impact seems to mostly take place in Q4, and therefore we have used this as the relevant quarter for Ireland also.
With this instrument, we find that the current long-term government liabilities are significant. The negative sign on the LIBOR-OIS spread is somewhat puzzling. An increase in this variable should indicate an increase in general bank credit risk and we would therefore expect a positive sign of the regression coefficient. The reason may be that the LIBOR-OIS spread and the yield spreads of corporate bonds are correlated. Unsurprisingly, the general level of sovereign credit risk as measured by iTraxx sovereign index is significant.
Was the importance of implicit guarantees already priced in the sovereign CDS market before the crisis? To investigate this question, we have split our sample into two sub-periods and find the results reported in Table B .8. Before the crisis, the sovereign CDS spreads are not influenced by the implicit guarantees as measured through the size and riskiness of the domestic banking system. This result is confirmed in the last three columns of Table B .8 where we used a general time-fixed effect instead of the CDS indices to control for common, global factors in CDS spreads.
As a robustness test, we rerun all regressions pertaining to sovereign risk using the average leverage of the two largest banks, as an instrument for bank risk. The results are presented in Table B .9. They are robust and consistent with those obtained from using short-term central bank funding of banks. Bank leverage ratios are shown by Demirguc-Kunt et al. (2013) to be a stronger predictor of bank equity returns during the crisis than measures of capitalization using risk-weighted assets. Higher leverage is associated with a higher risk of poor bank performance, and this risk is likely a consequence of a higher risk level chosen by the bank and not related to the state of the sovereign. We view the use of leverage as instrument mainly as a robustness check since statistical tests show that it is a weak instrument. The F-statistic of the first stage regressions is much higher for the short-term central bank funding of banks than for bank leverage.
At this point, we have strong evidence that bank CDS spreads are affected by foreign exposures of banks and that the risk of banks in turn spills over to sovereign CDS spreads. This provides a strong case for arguing, that the evolution of sovereign CDS spreads is affected by the foreign exposures of domestic banking systems, thus establishing a concrete and measurable source of covariation between sovereign spreads.
Our final goal is to examine whether this effect materializes itself in a direct regression of sovereign CDS spreads on measures for the riskiness of banking fundamentals, EDFs and our BIS exposure measure. Table B .10 shows that sovereign CDS spreads are affected by the risk of bank exposures as measured through our BIS measure and through EDFs. This is true whether we control for global variables and CDS indices (column I) or use time-fixed effects (column II). An increase of 1 standard deviation in the BIS exposure measure leads to an increase of 24 basis points in the sovereign CDS spreads, i.e. about one quarter of the standard deviation. An increase of 1 standard deviation in the median EDF leads to an increase of 40 basis points in the sovereign CDS spreads. Longstaff et al. (2011) found that the performance of the national stock market is not very important in explaining movements in the sovereign CDS spreads. Our findings suggest that the influence on sovereign CDS premiums from the domestic economy is better captured through the risk of the banking sector. This is consistent with the fact that all countries in our sample have a very large banking sector compared to their GDP. Indeed, the size of the domestic banking system (measured as claims on domestic entities and non-nationals) relative to GDP has a median of 259% of the GDP. The minimum is 93% for USA in 2004 and the maximum is 800% of the GDP for Switzerland in 2008. The significance of EDFs and of our BIS measure shows that the riskiness of the local banking systems has both a domestic and a foreign component. The influence on sovereign CDS premiums of the foreign exposures of banks is clear evidence that bank risk affects sovereign risk irrespective of any feedback loops that may arise due to bank holdings of domestic sovereign bonds.
Conclusion
We use BIS consolidated banking statistics to construct a simple risk-weighted measure of foreign exposures of banking systems in 17 countries. Our measure captures in a simple way how the foreign asset holdings of the largest banks are an important determinant not only of their own CDS premiums, but also of the CDS premium of the sovereign in which the banks reside. Extensive robustness checks confirm that the significance of our measure cannot be attributed to common variation in CDS spreads.
It is to be expected that the riskiness of a bank's assets affects the CDS premium of the bank, but the degree to which the CDS market captures this is remarkable and it is conceivable that risk management practice and banking regulation are also playing a role. A common practice among hedge funds and risk managers is to hedge exposures through 'proxy hedging' -i.e. hedging through correlated but 'cheaper' hedging vehicles (see e.g. IMF, 2010 and Association for Financial Markets in Europe, 2011). For example, a bank may wish to hedge emerging market credit risk in Eastern Europe, either because it has exposure to sovereigns itself (as a direct exposure or as counterparty risk in large derivative contracts) or because it wishes to hedge a large loan exposure in such countries using a 'macro' hedge. Buying protection on Austrian banks which are known to have large exposures in these countries may provide a cheaper hedge. Similarly, an exposure to a major bank can be a 'proxy' hedged using a CDS on the sovereign in which the bank resides. Furthermore, in the latter part of our sample period, Basel III rules begin to encourage banks to use CDS contracts to hedge changes in credit value adjustments (CVA), i.e. adjustments in the value of derivative positions due to counterparty credit risk. The hedge can be done either through a CDS contract referencing the specific counterparty or through a proxy hedge on a sovereign when the CDS is not available. Our findings are consistent with the hypothesis that CDS premiums reflect the value of CDS contracts in providing capital relief for financial institutions, see for example Yorulmazer (2012) and Klingler and Lando (2015) .
In light of the statistics made public by the European Banking Association after its 2010 stress tests of European banks which document the dominant role played by private foreign exposures, our findings support the recent recommendation in the October 2013 IMF Global Financial Stability Report, which"the ECB's upcoming bank balance sheet assessment should, among other things, focus on corporate exposures", see IMF (2013). Exposure-weighted credit spread computed using both sovereign and bank CDS data, but leaving out the largest 5 exposures. See the main text.
Appendix A. Summary statistics and variable description

BIS BIS_NOT5_RES
A fitted value from a regression of B_BIS_NOT5 on the CDS indices B_FINSNR, F_NONFIN, and S_SOVX Own calculations B_EQUAL_CDS Equally-weighted credit spread computed using both sovereign and bank CDS data. We use the BIS data to select which countries to include in the measure but allow the weights to be equal. See the main text. 
where Δ(•) and %Δ(•) stand for first difference and percentage change of the variable over the quarter, respectively. k is the index for countries and t is the index for time.
In column II, we simply introduce the indexes along the BIS matrix. In column III, we have regressed the BIS matrix on the CDS indices and used the residuals from this regression as a variable to explain the CDS spreads. Column IV allows for a different response in the market before and after the last quarter of 2007 by introducing a dummy variable for the period between the first quarter 2004 and the last quarter 2007. All equations are estimated by OLS with robust standard errors and country fixed effects. The standard errors are corrected for both heteroskedasticity and serial correlation. 
where Δ(•) and %Δ(•) stand for first difference and percentage change of the variable over the quarter, respectively. k is the index for countries and t is the index for time. We perform the analysis first for the whole sample from the first quarter of 2004 to the last quarter of 2010. Afterward we perform the same analysis on sub-periods. All equations are estimated by OLS with robust standard errors, and country and time fixed effects. The standard errors are corrected for both heteroskedasticity and serial correlation.
Variables
Full ⁎⁎ Means significant at the 5% level.
⁎⁎⁎ Means significant at the 1% level.
⁎ Means significant at the 10% level. 
We perform the analysis on three sub-groups: countries whose foreign exposure weights more than 40% of their portfolio, whose foreign exposure (FExp) weights less than 40% of their portfolio and all the countries except the USA. In the first group, we have Austria, Belgium, Switzerland, Germany, France, Great Britain, Ireland, the Netherlands, and Sweden. In the second group, we have Australia, Denmark, Spain, Greece, Italy, Japan, Portugal, and the United States. All equations are estimated by OLS with robust standard errors, and country fixed effects. The standard errors are corrected for both heteroskedasticity and serial correlation. 
We perform the analysis first for the whole sample and on sub-periods. All equations are estimated by OLS with robust standard errors and country fixed effects. The standard errors are corrected for both heteroskedasticity and serial correlation. ⁎⁎⁎ Means significant at the 1% level.
⁎⁎ Means significant at the 5% level. ⁎ Means significant at the 10% level. Table B .5 Excluding the biggest 5 exposures. In columns I and II, we repeat the equations estimated in Table B .1 but we are dividing the BIS matrix by the share of exposure explained. We repeat the estimation using a BIS exposure matrix from which we have excluded the biggest 5 exposures, also weighting by the share of exposure explained by the new matrix. 
In columns III and IV we use the EDFs as a measure of risk for the banking systems instead of the CDS's. Equations reported in columns I to IV are estimated with OLS. Column V is estimated with 2SLS where the change in central bank collateralized loans is an instrument for Δ(B_CDS). Country fixed effects and robust standard errors are used for all the estimations. The standard errors are corrected for both heteroskedasticity and serial correlation. 
The last three columns report the coefficients and t-statistics for the panel regression:
We perform the analysis first for the whole sample from the first quarter of 2004 to the last quarter of 2010. Afterward we perform the same analysis on sub-periods. These regressions are performed with time fixed effects. Δ(•) and %Δ(•) stand for first difference and percentage change of the variable over the quarter, respectively. k is the index for countries and t is the index for time. All equations are estimated with 2SLS where the change in central bank colleralised loans is an instrument for Δ(B_CDS). The regressions are estimated with country fixed effects and robust standard errors. The standard errors are corrected for both heteroskedasticity and serial correlation. 
We perform the analysis first for the whole sample from the first quarter of 2005 to the last quarter of 2010. Afterward we perform the same analysis on sub-periods. These regressions are performed with time fixed effects. Δ(•) and %Δ(•) stand for first difference and percentage change of the variable over the quarter, respectively. k is the index for countries and t is the index for time. All equations are estimated with 2SLS where the average leverage of the biggest banks is an instrument for Δ(B_CDS). The regressions are estimated with country fixed effects and robust standard errors. The standard errors are corrected for both heteroskedasticity and serial correlation. ⁎⁎⁎ Means significant at the 1% level. ⁎⁎ Means significant at the 5% level. ⁎ Means significant at the 10% level. Table B. 10 Sovereign CDS is affected by bank exposures. Column I reports the coefficients and t-statistics for the sovereign panel regression including information about banks' assets:
Column II presents the results from the same regression but using time fixed effects instead of global variables and CDS indices. Δ(•) and %Δ(•) stand for first difference and percentage change of the variable over the quarter, respectively. k is the index for countries and t is the index for time.
Country fixed effects and robust standard errors are used in all cases. The standard errors are corrected for both heteroskedasticity and serial correlation. ⁎ Means significant at the 10% level.
⁎⁎⁎ Means significant at the 1% level. ⁎⁎ Means significant at the 5% level.
